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DETECTION OF RADIATION EFFECTS ON HAIR ROOTS OF THE
HUMAN SCALP*
EUGENE J. VAN SCOTT, M.D. AND RICHARD P. REINERT5ON, M.D.
More than sixty years ago (1896), shortly after Roentgen discovered the
X-ray, Daniel (1) reported that X-radiation caused loss of hair in the human
scalp. Williams (2) in 1902 observed that the roots of hairs epilated by X-ray
were pointed in configuration, and that hairs that did not fall out spontaneously
following exposure to radiation and which continued to grow had markedly con-
stricted shafts. Degeneration of the hair root in the albino rat following epilating
doses of X-rays has been histologically studied by Geary (3) who found the matrix
of the hair bulb to be most sensitive to radiation, since morphologic changes in
this tissue were detectable as early as one day after exposure. He found that hair
roots in the anagen (growing) phase of the hair cycle were more susceptible to
X-radiation than roots in the telogen (resting) phase. Kligman (4) is reported
to have observed similar histologic changes in hair roots of the human scalp
following epilating doses of X-rays.
The present study deals with the type and extent of morphologic alterations
occurring in the hair roots of the scalp of man following epilating and sub-epilat-
ing doses of ionizing radiation.1
THE METHOD AND MATERIAL
Hairs were pulled from the scalp of patients who received ionizing radiation to the scalp.
The roots of the hairs were examined microscopically according to the technic previously
described (5). At least 100 hairs were pulled for each examination procedure. The age range
and sex of the patients of this study are given in Tables 1 and 2.
Type of Radiation
A. X-rays (2m.e.v., H.V.L. 12 cm. Cu). Initial observations of morphologic changes in
hair roots following direct radiation were made of scalp hairs from two patients who received
this type of radiation for intracranial neoplasms. Hair roots, taken from sites on the scalp
through which the radiation was given, were compared to those taken from non-irradiated
sites.
B. X-rays (100 K.V., H.V.L. 0.93 mm. Al). In five patients with mycosis fungoides, prior
to treatment of the whole body surface with high energy electrons, X-rays in doses as indi-
cated in Table 1 were administered to the occipital scalp through portals 3 cm. in diameter.
The irradiated sites were identified by close-cropping of the hair within the irradiated areas
and by painting these areas with tincture of merthiolate or tattooing with India ink. Hair
roots from the irradiated areas and from non-irradiated surrounding scalp were examined on
subsequent days. In each case the final examination was completed before treatment with
electrons was started.
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TABLE I
Dys plastic Hairs Following X-irraclialion of Focal Areas of the Scalp
Patient
K. W.
Age Sex Race
.Growing
hairs before
irradiation(% of tota
hai:)
. Dysplastic hairs following irradiationRadiation factors (% of anagen hairs).
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.ir
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0 0 0
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2000
0
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E.E. 41 M N 92
100
100
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0
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0
0
0
+
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0
0
0
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100
100
0
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0
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0
0
+
+
0
0
36
75
E. H. 53 F W 91
100
100
100
100
0
50r
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0
37r
75r
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0
0
0
0
0
0
0
1
39
38
0
0
5
46
43
0
0
6
49
83
0
6
17
42
90
0
0
1
3
6
0
4
20
56
91
L. F.
D.R.
78
41
F
F
W
N
77
91
100
100
100
100
100
100
100
100
0
50r
lOOr
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0
50r
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0
37r
75r
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0
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1
1
3
1
2
3
0
0
1
5
8
0
0
3
4
9
0
4
14
27
59
1
4
6
+ Dysplastic hairs observed but not counted.
C. High energy electrons (2.1 m.e.v.). Six patients with mycosis fungoides, five of whom
had areas of their scalps previously exposed to 100 K.V. X-rays as described above, were
treated with electrons emitted from a van de Graaff generator in doses as indicated in Table
2. The entire body surface was repeatedly irradiated at one or two week intervals. Hair
roots examined were from areas of the scalp not previously irradiated with X-rays. Exam-
inations were done before the initial treatment exposure and at intervals thereafter. Only
changes in hair roots which occurred following the first exposure alone, which were detected
prior to the second and subsequent exposures, were included in this study.
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TABLE II
Dys plastic Hairs of the Scalp following 2.1 M.E.V. Electron Irradiation of the Entire Body
Surface
Patient Age Sex Race Sajo
Growing hairs
before
irradiation(% of total
hairs)
Dose of
radiation*
Dysplastic hairs following irradiation
(% of ansgeo hairs)
Days
—
4 6 7 8 11
73
12
100
100
B.C.
ER.
W.W.
E. B.
L.F.
D.R.
69
53
58
41
78
41
F
F
M
M
F
F
W
W
W
N
W
N
S
S
5
N—C
5
T
97
92
69
97
66
93
300rad.
400rad.
400rad.
450 rad.
200rad.
300radj
+
23
10
+
+
100
100
7
100
16
+
17
8
* Represents average dose delivered to a depth of 1 cm. in a water equivalent dosimeter
calibrated in terms of Victoreen ionization. One rad. is that amount of radiation which
delivers 100 ergs to 1 gram of tissue.
S denotes sparcity of scalp hair.
N—C denotes normal amount of scalp hair, closely cropped.
T denotes extremely thick layer of scalp hair.
+ Dysplastic hairs observed but not counted.
Actual doses of X-rays delivered to the hair roots per se were calculated from depth dose
curves established for both types of X-rays employed. For this calculation, the bulb of an
anagen scalp hair was considered to lie 3.5 mm. below the skin surface. The actual dose of
electron radiation delivered to the hair roots cannot be reliably calculated due to the fact
that electrons, of 2.1 m.e.v. energy, are entirely absorbed within one centimeter of tissue.
Consequently, the depth of penetration into scalp skin is markedly modified by varying
thicknesses of overlying hair.
OBSERVATIONS
Changes in the hair root as a result of direct ionizing radiation were detected
on the fcurth day following exposure and were confined to anagen (growing)
hairs. The earliest sign of the radiation effect was reduction of the diameter of
the hair bulb. The matrix of the bulb, when present, showed the most marked
decrease in diameter (Figs. 1, 2). The internal root sheath of the hair bulb ap-
peared thinner and contained dispersed pigment granules.
After the fourth post-irradiation day the entire hair bulb showed progressive
atrophy, leaving finally only a thin strand of tissue lying below the keratogenous
zone (Fig. 3). The internal root sheath of the irradiated hair persisted and ap-
peared thicker than normal, due to the decreased diameter of the bulbar rem-
nant which it encased (Figs. 4, 5). At this stage many hair roots were found upon
pulling to be broken off at a level immediately below the keratogenous zone
(Fig. 6).
This sequence of changes occurred within the week following irradiation with
either X-rays or electrons. The proportions of hairs showing these changes were
greater in sites receiving the higher doses of radiation than in sites receiving
lower doses. On the 7th day, altered hairs revealing early and late effects of the
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Fin. 1 (sketch) and Fin. 2 (photograph). Root of anagen (growing) hair showing changes
occurring 4 to 6 days after exposure to 225 r. The bulbar portion of the inner root sheath is
thinned; the matrix portion of the bulb shows early atrophy. X39.
FIG. 3. Root of anagen hair showing changes occurring 4 to 6 days after exposure to 225
r. Atrophy of the matrix of the bulb is more evident. X55.
FIG. 4. Root of anagen hair showing changes occurring 6 to 8 days after exposure to 225 r.
The bulb is markedly atrophic X52.
X-rays could be found in all irradiated sites, although a greater proportion of
hairs from sites receiving the higher doses showed the more advanced alterations.
At 2 to 3 weeks following exposure, hairs with tapered shafts and small kera-
tinized bulbs were found (Fig. 7). The keratogenous zone was absent and evi-
dence of complete cessation of growth was apparent. Other hairs that retained
the keratogenous zone and evidently produced hair shafts could be found, but
the shafts of the hairs produced were markedly thinned (Fig. 8).
Matrix of huJb --
shcath
sheath
Kcratogenoas zone
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FIG. 5. Root of anagen hair showing changes occurring 6 to 8 days after exposure to
electron radiation. The hair bulb remains only as a thin strand. X50.
FIG. 6. Root of anagen hair showing changes occurring 6 to 8 days after exposure to 225
r. The root is broken off at a level immediately below the keratogenous zone. X50.
FIG. 7. Root of anagen hair 20 days after exposure to electron radiation. X52.
FIG. 8. Root of hair which appears to be growing 9 days after exposure to 225 r. The hair
shaft produced is markedly thinned. X42.
Anagen hairs that revealed any of the above described alterations were
termed dys plastic hairs. The number of dysplastic hairs found was recorded on
each examination and expressed as percentage of the total number of anagen
hairs counted.
Table 1 contains data from examinations of scalp hairs from patients who re-
ceived X-radiation of varying doses to the scalp. Since morphologic changes in
the hair root had not been anticipated to occur prior to one week after irradiation,
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.AY5 FOLLOWING IRRADIATION
FIG. 9. Proportion of dysplastic scalp hairs following X-radiation. Dysplastic hairs ex-
pressed as percentage of total anagen hairs examined. (Patient L.F.)
examinations within the first week were not done in the first three cases studied.
Experience gained during the period of this study led to earlier recognition of
dysplastic hairs in subsequent cases. Although hair roots receiving higher doses
of radiation showed more severe morphologic damage than roots receiving lower
doses, such differences are not easily amenable to tabulation and are not recorded
in the table.
The data of Table 1 demonstrate that proportionately greater numbers of
anagen hair roots become dysplastic with increasingly higher doses of X-radia-
tion. In one case (E.H.), the sites irradiated with 200 r and 300 r were found to
contain the same number of dysplastic hairs on both the 5th and 6th days after
exposure. It is possible that in this instance hairs from non-irradiated surround-
ing scalp were inadvertently extracted and included with the hairs from the site
irradiated with 300 r, introducing error into the differential count. On the 8th
day, a greater percentage of dysplastic hairs from the site irradiated with 300 r
corresponded to that expected from a larger dose of radiation.
Figure 9 graphically illustrates the data of patient L.F. and shows the per-
centage of dysplastic hairs resulting from a given dose of radiation to geo-
metrically increase with time during the first several days following the radiation.
Moreover, the percentage of dysplastic hairs occurring on a given day during
this period may be geometrically related to the dose of radiation, as suggested
by plotting the data of case D.R. in another manner (Fig. 10).
L. F
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U.)
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RADIATION DO5E
FIG. 10. Proportions of dysplastic scalp hairs on three different post-radiation days.
Dysplastic hairs expressed as percentage of total anagen hairs examined. (Patient 1)1k.)
X-radiation and electron radiation alike produced the same morphological
damage in the hair roots. However, variability in the length, calibre, and density
of hairs in the scalps of different patients precludes calculation of the dose of
electron radiation actually delivered to the hair roots. The doses recorded in
Table 2 are average doses delivered to one centimeter thickness of skin. Suppos-
ing an instance in which the surface of the scalp were free of overlying hair, one
may then estimate from depth dose curves established for the electron radiation
employed that hair roots 3.5 mm. below the skin surface would sustain a some-
what higher dose of radiation than the recorded average dose. Increasing thick-
ness of hair overlying the scalp would correspondingly decrease the dose delivered
to the level of the hair roots. For this reason, rough indications of the thickness
of the scalp hair present on each patient are recorded in Table 2.
The greatest proportion of dysplastic hairs were found in the three patients
receiving the highest doses of electron radiation. The two patients B.G. and L.F.
who received lower doses had lower proportions of hairs showing radiation effects.
In one patient (D .R.), the extremely thick layer of surface scalp hair may have
reduced the radiation reaching the hair roots, thus accounting for the small
number of damaged hair roots found in this patient.
SUMMARY
The roots of hairs pulled from the irradiated scalp of patients receiving epilat-
ing and sub-epilating doses of ionizing radiation were examined microscopically.
Dysplastic changes in the roots of growing (anagen) hairs occurred as a direct
D.fl
212 THE JOURNAL OF INVESTIGATIVE DERMATOLOGY
effect of the radiation and were measurable as early as 4 days following irradia-
tion. Progressive atrophy of the hair bulb was observed to occur.
The number of anagen hairs showing dysplastic alterations was proportionate
to the dose of radiation sustained by the hair roots, and to the time interval
following irradiation.
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